The J/ψ production associated with a hard photon in e + e − annihilation at CESR, BEPC and TRISTAN energies, being of the QED nature, is investigated thoroughly. To see the singnature for each mechanism acting in the J/ψ inclusive production in the annihilation, the numerical results of it versus those of the other mechanisms, such as the color octet ones and the other color-singlet ones, are presented in various aspacts. In the concerned energy region (e.g. 4.0GeV ≤ √ s ≤ 64.0GeV ) the contribution of it to the inclusive production of J/ψ is big, even dominant, so its influence on the signature of the interesting color-octet mechanisms in the annihilation is strong that one should take it into account specially.
Since J/ψ was discovered, its hadronic production still has been interesting for some problem so far, although recently several essential progresses have been achieved. The first is that the fragmentation functions of the double heavy mesons (heavy quarkonia and B c meson etc.) may be calculated in perturbative QCD framework [1] and, as a result, to test the theoretical predictions of the fragmentation mechanism with the experimental data for the prompt productions of J/ψ and ψ ′ quantatively becomes practicable [2] . The second is that a deviation between the theoretial prediction and the Tevatron experimental data, the socalled 'ψ ′ (ψ) surplus' puzzle, is raised [3] , and very soon a possible and interesting suggestion for solving the puzzle, the so-called 'color-octet mechanism(s)', has been proposed [4] . Now interests in the problem and relevant ones are spreading widely. To confirm various coloroctet mechanisms 1 and to test them widely, many suggestions appear. Namely to investigate all the kinds of the mechanisms for the J/ψ inclusive productions, the color singlet ones and the octet ones, at various energy regions and in various processes, not only in hadronic colliders but also in e + e − or ep colliders etc, are calculated by the authors of [5] - [12] etc., furthermore, of them the production of J/ψ through e + e − annihilation, being clean, are specially emphasized by the authors [11] - [13] . However, the J/ψ production with a hard photon via e + e − annihilation ( Fig.1.a) , to be one of the color singlet mechanisms for the inclusive production, that we will call as hard-photon mechanism latter on for convenience in the paper, is less considered in literature, in particular, the inclusive production of J/ψ in e + e − annihilation has been received wide and wide attention since the authors of [11] pointed out the singnature for the color-octet production of J/ψ in e + e − annihilation. The hard-photon mechanism contributes to the inclusive J/ψ production more or less, although 1 In fact in various productions of J/ψ, although all are of color-octet, the acting subprocesses may be very different not only in the order of the QCD coupling α s but also in the behavior of the propagators in the Feynman diagrams resposible for the subprocesses, thus we think it is better to call that with a different acting subprocess as a different mechanism.
being in order of α 3 it seems to be less to compare with the others, therefore to calculate the process versus those of the other comparatively well-studied mechanisms, the color-octet ones ( Fig.1.b ) and the color-singlet ones ( Fig.1.c) , at various energies for the presented colliders such as TRISTAN, CESR and BEPC, so as to see how great the contribution from each mechanism becomes interesting. In the paper we are to do so and indeed to reach to an important conclusion, that in e + e − annihilation the contribution from the hard-photon mechanism to the whole inclusive production of J/ψ is substantial at the concerned energies, that affects the singnature of the color-octet mechanism strongly. Note that at a relatively high energy, e.g. √ s ≥ m Z , there are more acting mechanisms so more complications, that we will discuss them elsewhere [14] , moreover in all the color-octet mechanisms and the other color-singlet mechanism the propagator of the virtual photon created by the e + e − annihilation is of a strong suppression when the energy goes high, that the interesting signature of the color-octet is expected at the comparatiely low energy.
Theoretically, being of QED nature essentially and to the lowest order of the process, the production of a J/ψ particle with a hard photon in e + e − annihilation, may be computed presicely by means of the Feynman diagrams depicted in Fig.1 .a, i.e. the hard photon couples to the electron line, and so does the J/ψ but through a virtual photon indirectly.
Note that here merely for simplisity, in Fig.1 .a only one of the Feynman diagrams for the process is presented, but when calculating the process, all of the diagrams (here only one with the two photon lines crossed should be added) are summed up, furthermore through out the paper the same manner will be made for the other processes when presenting the relevant Feynman diagrams, i.e. only one typical Feynman diagram is chosen to present precisely in the corresponding figure. The virtual photon in the diagram Fig.1 .a plays a similar role as that of the J/ψ production in e + e − annihilation at resonance or in the decay J/ψ → e + e − , thus, besides the binding effects of the J/ψ from its contents cc, the process essentially is of QED. The process can be calculated very reliably. Since, as mentioned above, we constrain ourselve in the paper only to consider the production at rather low energies, which even may compare with m J/ψ , the so-called electromagnetic fragmantation approach [5] approach works well only at much high energies (≫ m J/ψ ), so it is not applicable here.
Moreover, if here we had adopted the electromagnetic fragmantation approach no matter how it had worked, there would be no advantages in the calculations of the process, hence we adopt the QED appoach here. Experimentally, if the associated hard photon in the process can be identified well, the process will be able to be measured quite precisely, thus, in principle, it may be used as a good test of the calculation. In fact, in the e + e − annihilation there is another color-singlet mechanism e + e − → J/ψ + f +f . Here f,f means a pair of fermions in 'flavor' f i.e. a kind of quarks or leptons. Therefore in fact this mechanism involves many chennals with different fermions. For the processes, in the relevant Feynman diagrams the J/ψ is to couple to all the possible final fermion line and the initial electron line of each 'skeleton' diagram corresponding to the annihilation processes e + e − → ff in turn via a virtual photon line indirectly, thus they are of QED essentially too. Although these processes being also less considered in the literature, in one order higher than the hard-photon one we will study them elsewhere [14] .
To Study the J/ψ production in e + e − annihilation theoretically and experimentally has a quite long history already. As pointed out above, yet the production by the hard-photon mechanism has not been well studied so far, thus we are highlighting it here. The production is essentially of QED nature, hence the corresponding amplitude may be written down immediately, and with a straightforward calculation, the differential cross section of the process is obtained:
where
Note that, for simplicity, here in the formulae the electron mass is ignored whereas in the numerical calculations we keep it to avoid the divergence in the beam deriction in the differential cross section. As the wave function at the origin |R S (0)| appearing here is to stand on the equal foot exactly as that appearing in the width of the decay J/ψ → e + e − , i.e.
hence in numerical calculations we determine it through the experimental value of the width for the decay J/ψ → e + e − . Namely
Note that in such a way to determine the requested wave function at origin, the strong Fig.1 .c, the request formulae in the calculations are quoted from literatures [8] [12], i.e. when we calculate the contributions, the formulae for the color-octet from [8] , but the color-siglet from [12] . For convenience to compare the different mechanisms we plot the results of the hard-photon one ( Fig.1.a) and the considered 'typical' others ( Fig.1.b, Fig.1.c) into the same figure.
In Fig.2 .a-2.b the differential cross sections dσ/d cos θ verus cos θ (the angle between the outgoing J/ψ and the colliding beam) for the mechanisms as depicted in Fig.1 .a-1.c are plotted at the CMS energies √ s = 4.03GeV ; 10.6GeV ; 64.0GeV corrsponding to the typical ones for the colliders BEPC, CESR and TRISTAN respectively. 2 One can see from Fig.2 .a, and Fig.2 .b that the hard-photon mechanism contributes a dominant fraction over the others when the J/ψ goes out near the beam direction, and even when the J/ψ goes out in the direction perpendicular to the beam direction, it still contributes a substantial fraction, which may be comparable with the largest one of the other mechanisms, i.e., the hard-photon one still contributes a fraction not smaller than the greatest one amoung the considered 'others' by a factor 3, although the greatest one among the considered ones is alternated with the CMS energy is increasing. We should note here that at the considered CESR energy, the hard-photon mechanism has an angular distribution in a similar shape as that of the color-octet mechanisms ( Fig.1.b) , but different from that of the color-singlet one ( Fig.1.c) , which has been pointed out in [11] as the singnature of the color-octet ones, being different from that of the singlet one. To show the energy depedence more precisely, in Fig.3 we plot the total cross sections verus the CMS energies for the various mechanisms.
Considering ability of the experiments that it is impossible to measure the hard photon when it is very close to the beam direction, in Fig.3 we have plotted two curves for the hardphoton mechanism: one (thick solid line) is with a cut in the outgoing anglar of J/ψ and the other (thin solid line) without any cut correspondingly. It is easy to see that when no cut is made the considering mechanism contributes dominantly over all the other mechanisms (when the hard photon is emmitted in a direction not very close to the beam so is the J/ψ, or at a comparative low energy the produced J/ψ moves not very fast no matter how close it goes out to the beam direction, the event may be still detectable, thus the total cross section without cuts can still make some sense, so we have plotted it in the figure for one's reference.), whereas when a cut 20 0 ≤ θ ≤ 160 0 in angulars is put on, the hard-photon mechanism does not dominate over all the others but in the considered CMS energy region it is comparitable to that of the biggest one among the others considered here. ¿From the figure, one may also see some interesting aspects for the 'other' mechanisms. For instance, the color-singlet one (Fig.1.c) is smaller than those of the color-octet ones (Fig.1.b) Before drawing a conclusion, we should note here that i). In the plots the values of the color-octet matrix elements for the color-octet mechanisms are taken from the determination by fitting the Tevatron data [8] , and it seems that they are greater than those determined from photoproduction and fixed target experiments [7] , [10] , therefore here it may be overestime a little for the color-octet ones. ii). In hadronic and photonic productions of J/ψ, there is a similar mechanism to the hard-photon one emphasized in the paper, we will discuss its effects elsewhere [14] .
In conclusion, if one would like to see the signature of the color-octet mechanism in e + e − annihilation merely through the inclusive J/ψ production at energies, such as those of BEPC, CESR and TRIESTON, one have to deduct the contribution of the hard-photon mechanism in advance, that in principle is accessible by means of a precise exclusive measurement of the production, i.e., not only to measure the produced J/ψ but also the associated hard photon (being tagged experimentally) precisely in the experimental observation on the e + e − annihilation. Therefore, to study the color-octet mechanisms and to separate the color-octet signals in e + e − annihilation, the experimental data for inclusive production of J/ψ, from which the contribution of the hard-photon one has been deducted already, are anxious.
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